African American participation in Alzheimer's disease (AD) research studies has been historically low. To determine whether older African Americans and Caucasians had different knowledge or attitudes related to AD, we administered the Alzheimer's Disease Knowledge Scale (ADKS) to 67 older African Americans and 140 older caucasians in the greater Atlanta area as well as questions targeting locus of control over general health and AD risks. Older African Americans scored slightly lower on ADKS than older caucasians, with race only accounting for 1.57 (95% confidence interval [CI] 0.57-2.61, P < .001) points of difference in a multivariate model. Attitudes toward AD were also similar between the 2 groups but 1 (35.7%) in 3 adults reported control over general health but not AD risks. In addition to enhancing education content in outreach efforts, there is an urgent need to address the perception that future AD risks are beyond one's own internal control.
Introduction
Alzheimer's disease (AD) is the leading cause of dementia and a major cause of death in the United States. 1 Natural history and biomarker studies in AD have provided significant insight into shared mechanisms of disease, 2,3 but racial minority participation has historically been limited for the purpose of identifying endophenotypes and disease mechanisms unique to certain populations. [4] [5] [6] [7] [8] Previous studies have shown that minority participation in AD research is influenced by knowledge, both positive and negative, about general research issues and specific study protocols. [8] [9] [10] However, it is not clear whether race directly contributes to a difference in AD-related knowledge, as knowledge can be influenced by other factors such as age, gender, education, and personal exposure to AD. It is also not known whether attitudes toward AD differ between racial groups and are influenced by race-independent factors.
The Alzheimer's Disease Knowledge Scale (ADKS) was developed to assess an individual's AD-related knowledge, including risk factors, diagnosis, symptoms, course, impact, and management. 11 The English version has been administered in the United States, United Kingdom, and Australia, [12] [13] [14] [15] and non-English versions have also been created. 16, 17 Analysis of ADKS scores from several US regions has yielded interesting findings. In a multiracial cohort from St Louis, caucasians had higher ADKS scores than Asians and those identifying as other races or multiracial but had similar scores as African Americans. 13 However, over half of the respondents were undergraduate students who were overall less knowledgeable about AD, and only 11% of respondents were community-dwelling older adults. Another study using paid online participants (average age 34.5 years) did not report any difference in ADKS scores according to demographic variables. 18 A third study administered ADKS to older African Americans in an urban senior community center in Philadelphia. 14 These older adults scored much lower as a group (18.7) than older adults from St Louis (24.1), but no demographic variables were available in the Philadelphia study to determine whether ADKS score is influenced by gender, education, income, and other demographic variables. While no race information was specifically reported for the older adult group in St Louis, these results together suggest that race may account for up to 6-point difference in ADKS. This gap can be due to differences in education, household income, and recruitment bias associated with the 2 racial groups. It is also unknown whether the ADKS score difference between the 2 studies was influenced by factors beyond race.
Among US metropolitan areas, Atlanta has the second highest number of African Americans who account for over 30% of the Atlanta population 19 and was involved in a previous study on race and AD knowledge. 20 As part of an on-going biomarker study on African Americans and non-Hispanic Caucasians, we have targeted older adults with no cognitive impairment for participation through community events, research registries, and primary care clinics of a large academic medical center. Here we examined the relationship between ADKS scores, demographic factors, and recruitment source in a large multiracial cohort of older adults to determine predictors of ADKS score. Furthermore, we assessed participants' attitudes toward AD using an established scale 14 to determine factors that influence attitudes toward AD, and whether there is a relationship between knowledge and attitudes in AD.
Design and Methods

Standard Protocol Approvals, Registrations, and Patient Consents
Because no protected health or other identifying information (other than categories) was collected, the Emory Institutional Review Board reviewed the study and determined the work to not require formal approval.
Study Participants
Potential participants older than 50 in the greater Atlanta area were recruited from September 2014 to April 2015 from 3 sources: (1) research: research participants in a National Institutes of Health-funded study on biomarkers on aging, endothelial dysfunction, and AD among African American and caucasian seniors; (2) community: family or friends who accompanied participants in the research study in 1 or community members attending community outreach and education events; and (3) primary care: patients presenting to the Emory Primary Care Internal Medicine Clinic for annual physical examination or illness visits.
Study Design
Participants were asked by study staff to complete a brief survey related to AD. They were also informed that their decision to complete or not complete the survey would not influence their research participation or clinical care. Among 300 potential respondents contacted, 218 (73%) completed surveys were returned in person for analysis ( Table 1) .
The survey consisted of 3 parts: (1) basic demographic information including age (<55, 55-64, 65-74, 75-84, and >85), gender, self-identified race (caucasian, African American, Asian, other), ethnicity (Hispanic, non-Hispanic), household income range (according to quintiles from US census), 21 Respondents who did not report African American or caucasian race were excluded from subsequent analysis due to their small number. b P ¼ .003 for African Americans compared to caucasians. c P < .001 for African Americans compared to caucasians. education (high school or less, associate degree, bachelor's degree, master's degree, or more), and self-reported health status (excellent, good, fair, and poor); (2) the ADKS, 11 which consists of 30 true/false questions assessing AD-related knowledge in the following 7 subcategories: life impact, risk factors, symptoms, treatment and management, caregiving, assessment and diagnosis, and disease course (test-retest reliability coefficient 0.81, correlation with self-reported knowledge 0.50, correlation with AD Knowledge Test 0.65) 22 ; and (3) respondents' attitudes toward 6 AD-related statements in Likert-type scale format (0, 1, 2, and 3) with 0 representing ''strongly disagree'' and 3 representing ''strongly agree.'' 14 The Likert-type scale was chosen to maximize sensitivity, 23 and participants' responses were subsequently dichotomized (agree for 0 and 1, and disagree for 2 and 3). Statements reflecting attitudes were previously used to assess health locus of control (LOC), with internal LOC associated with health-related events occurring under one's own control and external LOC associated with events determined by external factors such as powerful others-including physicians-and chance 24, 25 (for exact wording of the survey on AD attitudes, please refer to work by Rovner and coworkers). Each participant was asked to complete the entire survey in approximately 10 minutes. Because of the small number of respondents whose self-reported race was neither caucasian nor African American, these participants (n ¼ 11) were excluded from subsequent analysis. None of the remaining participants (n ¼ 207) reported Hispanic or Latino ethnicity.
Statistical Analysis
All statistical analysis was performed in IBM SPSS 21 (Chicago, Illinois). Baseline characteristics were analyzed between racial groups (African American, caucasian, other) using chisquare test for categorical variables or analysis of variance (ANOVA) for continuous variables. Respondents who were African American (n ¼ 67) or caucasian (n ¼ 140) then underwent univariate analysis as a group to identify factors influencing ADKS scores by Student t test or ANOVA. Factors associated with ADKS scores in univariate models (P < .05) were then entered into a multivariate linear regression model, with backward elimination for variables with a value greater than 0.10. Interactions between variables in the final model were further analyzed, but no significant interaction was identified.
For attitudes toward AD, we analyzed the survey responses in dichotomous form (disagree for 0 and 1, agree for 2 and 3). Chi-square tests were first used to identify differences in responses from the current study and a prior study in Philadelphia. 14 Within the Atlanta cohort, univariate analysis using chi-square tests was used to identify demographic factors associated with agreement for each statement with a value of .01 to adjust for multiple comparisons. To determine the association between AD knowledge and attitudes, we also compared respondents' ADKS scores according to response to each statement. Attitudes associated with ADKS score differences with a value of .01 were then entered into the previous linear regression model for ADKS scores to determine the association between knowledge, attitude, and demographic variables.
Results
A total of 207 completed surveys were included in the analysis, with 63 from research, 69 from community, and 75 from primary care. Compared to research and community, respondents from primary care were more likely to be caucasian (88.0% vs 52.4% and 59.4%, w 2 ¼ 23.03, P < .001), younger in age (56.0% under 65 vs 30.2% and 36.2%, w 2 ¼ 11.33, P ¼ .001), and have household income greater than US$100 000 (69.3% vs 22.2% and 17.4%, w 2 ¼ 50.51, P < .001). Across the entire cohort, African American older adults were much more likely to be contacted through research or community (86.6% vs 52.9%, w 2 ¼ 23.03, P < .001), less likely to have excellent health (17.9% vs 34.3%, w 2 ¼ 5.90, P ¼ .015), and more likely to have fair or poor health (17.9% vs 5.7%, w 2 ¼ 7.72, P ¼ .005) than caucasian older adults.
Knowledge About AD
The ADKS scores were similar between the 3 sources, with the average score being 22.5 in research, 23.4 in community, and 23.6 in primary care. Univariate analysis showed higher scores to be associated with caucasian race (t ¼ 3.22, P ¼ .001; Figure  1A ) and higher education (F ¼ 12.09, P < .001; Figure 1B ) but not age (F ¼ 2.15, P ¼ .062), gender (t ¼ .698, P ¼ .486), income (F ¼ 1.82, P ¼ .204), or recruitment source (F ¼ 1.59, P ¼ .206). Multivariate analysis showed education (P < .001) and race (P ¼ .005) to independently associate with higher ADKS scores (Table 2, model 1). 
Attitudes Toward AD
We first compared AD attitudes between older adults in Atlanta and Philadelphia. 14 Although caucasian and African American older adults in Atlanta showed similar attitudes toward AD, there were some significant geographic differences ( Figure  2 ). 14 Fewer older adults in Atlanta believed they could prevent AD (52.2% vs 67.8%, P < .001) or ''it's God's will'' whether they get AD (27.9% vs 49.4%, P < .001), despite older adults from both cities reporting control over their general health (79% vs 70.5%). Within the Atlanta cohort, univariate analysis additionally showed 3 factors that influence AD attitudes (Supplementary Figures 1 and 2) : good or excellent self-reported health was associated with greater control over one's own health; research or community referral was associated with greater memory concern, agreement with greater AD risks in African Americans, and likelihood to approach physicians with memory loss; and higher annual household income was also associated with greater likelihood to approach physicians with memory loss.
Relationship Between AD Knowledge and AD Attitudes
We hypothesized that knowledge is linked to attitudes in AD. Participants who reported some control over general health (23.7) scored higher on ADKS than those who reported little control (21.5, t ¼ 3.17, P ¼ .002), and participants who reported some control over AD (24.1) scored higher on ADKS than those who reported little control (22.6, t ¼ 2.82, P ¼ .005). Introducing these 2 factors into the previous multivariate regression model for ADKS score showed race and education to significantly influence ADKS scores even after adjustment for attitudes toward AD (Table 2, model 2).
We also noted that a significant number of respondents in Atlanta expressed control over their own health but not their chances of getting AD (n ¼ 74 or 35.7%). Compared to respondents who expressed control over both general health and AD risks, these older adults scored slightly lower on ADKS (23.1 vs 24.3, t ¼ 2.04, P < .05) but were otherwise similar in age, gender, race, education, self-reported health, income, and their responses to the other attitude questions.
Discussion
A better understanding of the knowledge and attitudes toward AD among older adults is critical in enhancing research participation, designing education programs, and accelerating AD prevention and cure. Here we collected and analyzed data regarding AD knowledge and attitudes from a large multiracial group of older adults in the Atlanta area. We found African Americans to have slightly lower ADKS scores compared to caucasians, but ADKS scores were also influenced by education and attitudes. In contrast to prior studies, 20, 26 we found no clear relationship between race and attitudes toward AD. At the same time, an external LOC toward AD despite an internal LOC toward general health is prevalent in both races. Thus, race only modestly influences AD knowledge without impacting AD attitudes among older adults, and efforts aimed at improving AD knowledge in African American and caucasian older adults alike can potentially influence attitudes toward AD prevention and treatment.
African American participation in AD-related studies has historically been limited. 2, 3, 27 Many explanations have been proposed, including general knowledge and attitudes toward medical research and specific knowledge and attitudes toward AD. We had chosen the ADKS to assess general knowledge about AD because of its high test-retest reliability and demonstrated differences in people predicted to have different AD knowledge. 11 At the group level, we identified a significant but small difference in ADKS scores between African Americans and Caucasians. This difference was not identified in a previous study conducted in St Louis but that study was likely not powered (89 older adults) to detect a subtle difference. It is important to note that the ADKS score difference attributable to race (95% confidence interval: 0.537-2.607) in our study is smaller in magnitude than the difference between African American respondents between multiracial studies (21.9 in Atlanta and 21.4 in St Louis) and the African American only Philadelphia study (18.7) . African Americans participating in an AD biomarker study or attending AD-related activities may have higher interest and knowledge levels than average, and this bias may have underestimated the difference in knowledge between the 2 racial groups. This may in part explain the relatively large difference in knowledge between the races identified by 1 study, 20 but recruitment bias (African Americans from Atlanta vs caucasians from Boston) and enhanced exposure to AD over the past decade may also explain the different findings. African Americans in Atlanta also have higher median household income and education achievements than those in Philadelphia or St Louis. 28, 29 At the same time, a prior study using group discussion to enhance knowledge about AD research among African Americans in Boston also resulted in no clear improvement in research participation rates. 30 Therefore, while future studies incorporating ADKS will need to account for geographic differences as well as those attributable to race and other factors, it is not clear that a knowledge difference can account for minority underrepresentation in research participation, or narrowing the small knowledge gap between races would encourage minority research participation. We also found geographical differences in attitudes toward AD. 14 High proportions of African American older adults in Philadelphia believed they could control risks to their own health (70.5%) and risks to developing AD (68.0%), but this was not the case in Atlanta. To our surprise, over one-third of the older adults in Atlanta reported control over their general health risks but not their AD risks. It is tempting to call these older adults AD pessimists (compared to optimists identified in 2 previous surveys), 20, 26 but it may be more appropriate to consider them as having an external health LOC. 25 Prior work in Parkinson's disease has shown that optimism was correlated with quality of life while external LOC was correlated with greater disability, 31 and work in gerontology showed increasing number of chronic conditions associated with external LOC. 32 Older adults in Atlanta had higher ADKS scores than those in Philadelphia, and it is possible that the greater general knowledge translates into more external LOC. Alternatively, it is possible that attitudes of older adults in the current study are shaped by recent failures of large AD clinical trials to reach primary end points, 33 but our finding of external LOC may reflect more than just pessimism in AD. Further qualitative research is necessary to disentangle the LOC from optimism/pessimism related to AD among older adults, as the pace of AD research can be accelerated by the belief that medical research can help stave off AD or halted by pessimism related to failed AD trials. Determining which external LOC (powerful others vs chance) is most relevant in 1 in 3 older adults will also guide outreach and education efforts to highlight innovative AD treatments, 34, 35 nonpharmacological preventive strategies, 36 or both.
We believe that the sample size in this cohort of older African Americans and Caucasians allowed us to make some thought-provoking observations. At the same time, this study has some limitations, including those inherent to surveybased studies: It is not known how survey respondents compare with nonrespondents according to AD knowledge and attitudes; those who attend community events may be more informed than the average older adults; survey respondents' attitudes may differ according to their prior experience with AD which was not explored. There were uneven recruitment along racial and income categories between the 3 recruitment sources which may have confounded the analysis. Because some knowledge and attitude differences between African Americans and Caucasians may not be detectable using the survey tools available, more participants recruited from each site could allow for more detailed analysis such as examining individual responses and their association with prior exposure to AD. 13 Nevertheless, future work should identify factors other than knowledge and attitude to explain differences in research participation between African American and Caucasian older adults, such as trust in research and shared identity with researchers. 37 Just as important is the need to explore internal and external LOC issues related to AD, as they may influence how older adults perceive AD research findings (positive and negative) and participate in research.
